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SYSTEMS ANALYSIS PERSPECTIVES

Thomas I, M. Ho
Purdue University
Computer Sciences Department
and
School of Management
West Lafayette, InNndiana 47907

ARSTRACY

Systems analysis is sorely in need of a conceptual framework that
establishes principltes and guidetines for the task of trarslating the
gualitative and unstructured perceotion of organizational information
requirements into the technical and rigid solutions available with
computerized hardware and softwuare. This paper outlines the major
charactaristics of a2 model for erecting a bridge between the divaerse
organization and corputar systems that must be Jjoined by an
informaticn systam. Structured pragramming has provided the
programmer with such a modegl. Surelysr the systems analyst can benefit
from new and old perspectives on his aven mors comolex task.

INTROCUCT 10N

[t is wlidely racognized that the systems analystfs task is a
formidable one., To perform his dutiess the systams analyst must raly
upon a broad array of disciplines. [In particulare he must bhe familiar
with the Intricacies of two diversa worlds: that of tha organization
and that of the computer, Aside from the obvious size and complexity
of these concerns, the contrast between these two aends o9f the scectrum
s most striking. 0On one hands, the organizatlon iis qualitative 3nd
unstructured. On the othar hand, the computer is technice! and rigid.
Therefores it is no surpriss to anyone that we have had difficulty
with the application of computing tachnology ¢to the information
systems of organizations.

Therefora, it is clear that the diversity cf these disciplines Is

the primary obstacle to the development of systems analysise.
Furthermore., wa have not orovided tha systems analyst with the
conceptual devices to anable him to translate an wunstructured
organizational Information oproblem into the rigid bhardware and

.software solutions available with comouting technology. Not sven the
technological software solutions offered by high-laval programming
ianguages and data base management systems have completely bridged the
gap between the computerized impltemantation and an organization's
perception of Its information system. Technologlical solutiors only
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aid the implementation ¢f solutions that have already been formulatad.
The systems anatyst nseds a framework ta help him to infer the
elaments of the technological solution from the problem that raqulras
the sotution.

Such a framework would provide the interface needed to translate
the organlization perspective into the computerized perspactive.
Achieving this jnterface first dictates a characterization of the
features of these oobposing parsnectives that must be linked together.

THE SYSTEMS PERSPECTIVE

The wunifying poerspective on organizatiors and computers is the
systems perspactive. The perception of these entities as systams is
an indispensable aid to understanding their raspective assential)
features.

Yhe organization system is composed of functional subsystams that
represent the varlous functions performed by the organizatlon. Each
of these subsystems performs actions or decisiors in arder to achlave
designated goals. These actions or decisions can only be made if the
subsystem racelves the data that establishes the constraints and
objectives at the declsion, For exampler the production subsystam has
responslibility for decision-making relavant to the manufacturing
function, e.g9. what to make, how many to makes and when to make them.
These decisions can be made only |f data Is availabie on the demand
for products and on the avallability of rasources for oroduction.
This data is only avablable from the environment and ¢rom othar
subsystems, For examples the marketing subsystem provides data on
product demand and the invantory subsystem provides data on raw
material availability. Tha production floor environment provides data
on the avallability of manpower and machinery., This intaractior amang
subsystems reoqguires the establishment of interfaces between the
subsystems to gnabla them to function In an integrated fashion to
accomplish their respactive goats,

The computer system is composad of functional subsystams that

represent the various functlons performed by thae computar. fach of
these subsystams fulfills 1{ts designated role in the pertformanca of
computer workloads. A subsystem can folfilt its rote only (f it

tnteracts with the othar subsystems that support its functicn. In
this way, the input subsystem receivas the data to be processeds the
storage subsystem stores the data befors and after it Is processen,
the processing subsystem processes the datar, and the output subsystam
generates the data after processing. This interaction among
subsystems also reaquires the establishment of interfaces betwaeen the
subsystems to anable tham to function in an intagrated fasrion to
process the workload.



Finally» the systems perspective offers ¢ths concent of 3
decoupling mechanism to enable intarfacing subsystems to Interact in
orderly fashion. TYherefore, organizations maintain inventories to

corpensate for unegual rates of raw material procurement and
consumption, An inventory 1iIs a decoupling mechanism betwesen the
purchasing and oproduction subsystems. Comptters use standard data

reprosentations to enable their functional subsystems to communicate
with each other.

The organization system and the computer system are themselves

Interacting subsystems of an overall system. Therefore, thesa
subsystems possess an interface that requires a decounling mechanism
to simplify their tinteraction. This decoupling mechanism {is an

information system model. This modal provides a standard that enables
organization system concepts to be expressed in a concentual framework
that is also compatibie with computer system conceots.

PROPERTIES OF AN [NFORMATION SYSTEM MODEL

The information system model is itself a system composed of
interacting subsystems:

1. Input subsystem

2. Output subsystenm

3. Data base subsystem
4. Process subsystanm.

The correspondence to the various subsystems of the computer system is
clear and this Is no surprise. Carrespondence to the atements of the
organizational subsystem can be estabtished. The elaments af the
output subsystem correspond to the agtions and decisions perfoarmed by
each organization subsystem. The elements of the process subsystem
correspond to the procedures and models used to parfaorm each action or
declsion., The elements of the input subsystem correspond to the data
recelved from the anvjronment by the stements of the orocess subsystem
to generate the elements of the output subsysten, Finally, the
elements of the data base subsystem correscond to tha data received
from another orocess by an element of the oprocess subsystem to
gonerate the elaments of the output subsystem. For exampler in the
case of the production subsystem, the etements of tts output subsystem
compose the production schadule that assigns manoower, machinerys, and
material resources to the manufacturing function., The slemaents of the
process subsystem compose the production schedullng model, The
elements of the tnput subsystem compose the transactions that report
the status of manpower and machinery resources. The elements of the
data base subsystem compose the data that renort product demand 2and
raw material avajlfabillity from the sates forecast and tnvaentory status
elements of the process subsystem. .




The data base subsystem serves as 8 decoupling mechanism betwsen
the Input and output subsystems. The input subsystem gathers the data
from the snvironment to be used to generate information to the
envircnment through the output subsystenm, Howevers the output
subsystaem does not necessarily genserate Information at the same time
nosf at the same rate as the input subsystem receives data. Therefores
the data base subsystem is an inventory of data resources.
Furthermores the output subsystem does not necessarily request
informaticn tn a format that ts identical with that of the data used
to generate the desired infaormation, Hencer the data base subsystem
maintains a standard specification for data resources {n order to
decouple the incompatibitities between the input and output
subsystems, The decoupling role of the data base subsystem In thase
respects motivates the residence of the data base subsystem in the
storage subsystem of a computer system.

With respect to the organization system, the data base sybsystem
also functions as a decounling mechanisme The various functionat
subsystems of an organization system are interacting subsystems that
must comrunicate wWith one another to achieve the desired synergistic
effect. Again» the data base subsystem serves as both an inventory
and as a standard for the data resources that are ganerated by any
functional subsystem and c¢an be used by any other functional subsystem
In pursuit of that subsystam's objectives. Similarly, ths data base
subsystem also decouplss separate pnroceduras and models within a
singte svbsystem. Howevers it is the data base subsystem's role as a
decoupling mechanism between functional subsystems that elevates it to
its central rote in an integrated information system.

In order to function effectively as a decoupling mechanfsm, the
date base subsystsem must maintain the data rasources so0 that they
accurataely reflect the state of the arganizational enviranment. Onty
in this way can ths process subsystem use the data resources to effect
the appropriate organizational decislions and actions« Tharefores the
process subsystem functions as a data bHase control mechaniser that
insures that the data base subsystom maintains the standard
established by the environmant. Thens, the update function of the
proctess suybsystem senses the state of the data base for comparison
with the state of the environment. I[f tha data base is not {n
conformancer the update function invokes a feedback mechanism to
modity the data base to conform to the state of the environment.

The application of this systems concentual framaework to systens
analysis requires a means to describe the elements of the various
subsystems in order to perceive thelr retevant characteristics. The
resulting description is a blueprint for the design of the itnformation
system whoso raquirements are determined by the systems aralysis. The
blueprint is an implemaentation of the concepts motivated by the
information system model. The model identifies the assentlal
charaetertstics of the elemants of the model's subsystems in ordsr tao
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describe those praoerties that are rslevant to the organjzaticn and
computer systams that must be united by the desired information
system,

An element of a subsystem is called a relational structure, a sst
of data names. A refational structure is simply a first normal form
felation as dsfined by Codd (1], The cotltlection of ralationa!

structures that compose a subsystem represent a template of
permissible forms that may be assumed by data residing ir that
subsystenm. Data moves from one subsystem to anather at prescribsd

rates and according to prascribed rules. The relavant characteristics
of a relational structure include:

1. Composition

2. ldentification
3, Timing

&. Volume,

Compositior describes thae data names that composs a3 ralational
structure. Composition defines various types of relational
structures. The distinction between a relational structurs tyoe and a
relationat structurs occurrence is crucial. The type trapresents the
composition of ths structure. Tha occurrence represents an tnstance
of the structure. AN occurrence corresponds Lo some identity in the
real worid that is being reprasented by the occurrence. For example,
the retatlonal structure type TEME-CARD = {EMPL~NDO» PAY=PERIQD, HRS-
WORKED} represents an input transaction for reporting empltoyee time,.
The occurrence seot OCITIME-CARDY = {oc(TIME-CARD»{): } R S | <
'OCI(TIME-CARD)!') represants ali possible transactions fcr atl
employees and al{ pay periods.

Yo distinguish one occurrence of a relational structure from
other oc¢currencas of the same raealational structures, one or more data
names of the structure are designated as identifiers. The ident{fiecrs
form an identifier set, a subset of ths corresponding ralational
structures, so that the identifier set occurrence of an oaccurrenca of
the structure is not identical to the identifiar set occurrefices of
all other occurrencas. The concopt of identification is essential to
the operation of matching corresponding occurrences of differant
refational structures to enable the flow of a data item from one
relational structure to another. The specification of this data flow
from one information system model subsystem to another Is the purpose
of the Information system blueprint that ws seck to construct,

This data flow occurs at prescribed rates that ara detarmined by
the timing and votume of the variocus ralatlenal structures. The
timing of a refational structure Indicates the frequency of data flow
into the subsystem in whieh the struecture rasides. Togethar with the
froequencys the volume of a relational structure dictates the rate of
data flow into ths subsystem in which the structure resides.



ADVANTAGES Of AN INFCORMATION SYSTEM MODEL

The advantages of this mathematical formulation of an infarmatian
system are manifold., Using mathematics as a vehicle for description
of the model! affords the clarity of expression for which mathematics
}s recognized., This approach is consistent with the earliesr afforts
of Young and Kent [2]1 and the CODASYL Develonment Committee 131}, A
comprehensive formal definition of the model described heresin has baen
presented by Ho and Nunamaker [4), That formulation also motivataes
another advantage of the mathesmatical approach. Thse modet! is used as
the foundation for determination of the quality of a2 systeams analysis.
Precise definitions of requirements completeness and consistency lay
the foundation for sstablishing principlss and guidelines for systams
analysis, The absence of such princlples is the major cause of the
current ircomplete and inconsistent system studies woon which many
system design efforts have reliaed., This sltuation has raesulted in a
multitude of information system failures for which Morganm and Soden
{5] provide a glimose at anly a very small sanmple.

Aslde from the wmuch-nesded introduction of rigqor into the
practice of systems analysiss the establishment of a forwal agproach
to systems anatysis creates the overdue opportunity for developrent of
tootls for ths management of systems analysis, Armed with anly a
motley assortment of graphical and narrative devices for descrlbing
numerous complex system requirements, today's systems analyst is facad
with an unenviable task. Howevers the sltuation ts no longer
desperate since the advent of computer-aided techniques to assist the
systems analyst, Most notabte among these techniquses has been the
development of Roaquirements Statement Languages. A PRequirements
Statement lLanguage (RSL) is a high-level language for use by systems
analysts in describing the requirements of information systems. An
RSL ts apt a oprogramming language since a reguijremants statement
expressas what organizational requirements an information systam
fultitls rather than how those requirements are implemented in a
hardware and software solutlon. In other wordss, 2 requiremsnts
statement is an application ot the formal information systewr model
that interfaces the organization and computer systems., The effective
use of Requirements Statement Languages is supported by software
packages known as Requiremants Statoement Analyzers (RSA)} that maintzin
requirements statements for subsequent use by all systems development
personnel. The maintenance of a reqQuiramants statemant uses RSA
algorithms that perform 1Yogical c¢hecks on RSL statements for
coaptlance with the completenass and consistancy oropertiss dafined in
terms of the information systam model. Finallys an RSA also displays
the system requiraments in various tabular and graohical formats that
enable the communication of system reaquirements to att personnel
involved in the systems development effort.

The most advanced implemantation of the RSLIQSA anproach is the
Problem Statament Language/Prableam Statamant Analyzer {PSL/PSA)
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doveloped by the Information Systems Design and Optimization System
(ISDOS) Projmsct I[61l. PSL is an English-like language possessling
flaxible facidities for. describing data definition, timing, and
voiume, Howevers PSL facilities for describing system flow only
provide the capability to document high-level flow without JIndicating
data manipulation and processing requirements at the data element
{ovel,. PSA provides oxtensive capabllities for malntainling and
displaying system regulrements expressed In a #PSL statement.
Theretaores PSL ani PSA provide superior facillities for managing the
documentation of high-leve! system requlremsesnts.

The Accurateiy Oetined Systems (ADS) technique 17) provides a
practical method for documenting system flow at the data element

level. ADS describes ths memhers of the output, input, proecsss, and
data base subsystems by indicating the data elements that compose the
relational structures in sach subsystem. Thens, ADS documents system

flow by indicating the source of each data element occurrencs In each
refational structure of the output, oprocess, and data base subsystems.
A source Is anothar data etlement occurrence in a retationa? structure
ot either the Iinput, processs or data basa subsystem. The use of ADS
as an RSL is vitaltly aided by an RSA for ADS reported by Nunamaker,
Ho» Konsynskis and Singer [81. Most itaportant of alls both PSL and
ADS and their accompanying software are currently belng used in actual
systems development and in systems analysis training.

TYThe most Important advancs in support of the RSL/RSA anproach has
been the devalogment of software for aiding orogram modute and data
base design In fulfiliment of the requirements expressad (n an QSL
statement. Software for the generation of a data base schema and of
data management application oprograms from a PSL statement has been
develoned by Blosser [9). Software for tha generation of arogramming
specifications from an ADS statemant has been developed by Ho (10).

CONCLUSIDN

The future of systems analysis is brightenad by the prospect of
the general avalilabllity of advanced tooals and techniques for the
performance and management of this difficult task. Although these
tools are not vet generally avallable, today's systems anatyst can
already benefit from the Insights Into the analysis function that have
been galned from the formuiation of models upon which the tools are
based. The systems analyst can take advantage of a conceptual
framework to gulida his analysis in much the same way that Ythe
"programmer Is gquided by the maxims of structured programming.
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